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Objective:High grade stenoses of both the innominate (IA) or common carotid artery (CCA) and the carotid bifurcation
are rare and represent a therapeutic dilemma for the treating physician. A hybrid procedure with concomitant carotid
endarterectomy (CEA) and retrograde angioplasty has been proposed as a less invasive treatment option. The aim of this
study is to review the existing literature on such hybrid procedures.
Methods: An electronic search of the pertinent English literature was undertaken. A meta-analysis of all studies reporting
on simultaneous carotid endarterectomy and retrograde angioplasty for the treatment of tandem internal carotid and
proximal common carotid or innominate artery lesions was performed.
Results: Thirteen studies, including 133 patients were identified. Sixty-eight percent of the patients were male, 83%
symptomatic. Proximal lesions were located in ipsilateral CCA in 85 cases and in IA in 48 cases. Reported technical success
of the procedure was 97%. In 79 of the 129 successful operations, a stent was implanted, while the remaining 50 patients
underwent simple balloon angioplasty. Thirty-day mortality and stroke rate were 0.7% and 1.5%, respectively. Combined
30-day mortality and stroke rate was 1.5%. During a mean follow-up of 12 to 36 months, five patients presented
symptoms of cerebral ischemia and 17 died. Ten patients developed restenosis of the proximal lesion, (4 symptomatic, 7
in cases without stent) and 2 restenoses of the endarterectomy (all asymptomatic). Restenosis was treated in 7 cases (4
repeat angioplasty, 3 bypass grafts).
Conclusions: This meta-analysis reports the largest collection of patients having undergone hybrid treatment of tandem
disease of the arch vessels and carotid bifurcation. Results from this study show that the combined stroke and death rate
with this approach is equal to or better than that for isolated endarterectomy. When possible, balloon angioplasty with
stenting of the proximal component of this disease should be pursued to avoid restenosis. ( J Vasc Surg 2011;54:534-40.)
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cMultilevel significant atherosclerotic disease involving
the carotid bifurcation and the proximal ipsilateral com-
mon carotid (CCA) or innominate arteries (IA) is uncom-
mon. Its reported incidence is approximately 4.8%.1 This
condition may cause embolic ischemic stroke or hemody-
namic compromise and, as no diagnostic technique can
determine which the truly symptomatic lesion is, both
lesions should be corrected.2
It is a basic hemodynamic and clinical principle not to
treat a distal lesion without correcting first a proximal one
that significantly compromises the inflow.3 Revasculariza-
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534ion options for aortic branch vessels disease include cor-
ection via transternal exposure of the great vessels, extra-
natomical reconstruction and balloon dilation, and
tenting via a transfemoral or transbrachial approach.4 In
996, Diethrich described a hybrid technique for simulta-
eous treatment of carotid bifurcation and proximal le-
ions. This technique involves surgical exposure of carotid
ifurcation, retrograde stenting of proximal CCA or IA
esions, followed by carotid endarterectomy.5 This ap-
roach offers the advantage of not crossing the ostial aortic
rch lesions without distal neuroprotection, especially for
atients with difficult arch anatomy and tortuosity.
While multiple reports have described the feasibility
nd safety of the hybrid approach to tandem carotid dis-
ase, most have been small single institution series. Addi-
ionally, specific institutions have reported varied technical
pproaches to this operation precluding characterization of
orbidity and mortality of the technique as a whole. As
uch there have been no studies published which provide a
omprehensive description of available clinical data, includ-
ng morbidity and mortality on this disease pattern and
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Volume 54, Number 2 Sfyroeras et al 535procedure. The aim of this study is to perform a meta-
analysis of published studies on combined endarterectomy
and proximal balloon angioplasty for tandem disease of the
arch vessels and carotid bifurcation. An additional objective
is to provide a summary of reported technical approaches to
hybrid operation.
METHODS
We searched a public domain database (MEDLINE)
using a Web-based engine (PubMed) for articles published
between 1996 and December 2010. The literature search
was confined to studies published in English. The keywords
used were “brachiocephalic/innominate artery”, “com-
mon carotid artery”, “retrograde angioplasty and stent-
ing”, and “carotid endarterectomy”. Using the above key-
words, 122 articles were initially located. In a second step,
21 of them were identified as relevant. In a third step, cases
of percutaneous transluminal angioplasty for the treatment
of the supra-aortic trunk lesions via a femoral or brachial
puncture associated with clamping of CCA after surgical
exposure (four articles) and cases of retrograde stenting of
CCA or innominate artery isolated lesions without syn-
chronous CEA (four articles) were excluded. Finally, 13
articles were included in the meta-analysis.
RESULTS
Thirteen studies, including 133 patients were identified
(Table I). Sixty-eight percent (73/106) of the patients
were male, 83% symptomatic (74/89). In 74 patients with
symptoms, these included: stroke in 10, transient ischemic
attack (TIA) in 31, amaurosis fugax in 13, TIA and amau-
rosis fugax in 5, retinal embolus in 4, and nonhemispheric
symptoms in 11 cases. The indication for intervention in
asymptomatic patients was mainly hemodynamic. In the
presence of a significant ipsilateral lesion proximal of an
Table I. Published series of CEA combined with retrograd
innominate artery: Demographic data of patients
Author Patients Age Symptomatic
Sidhu6 2 72-74 1 Stroke (1)
Levien2 44 60.4  8.1 44 TIA (19), a
fugax (5)
nonhemi
Sullivan7 5 nr nr
Macierewitz8 8 70 (64-78) 8 TIA (6), no
Arko9 6 74.7 (63-78) 2 Cerebral isc
Greko3 16 70 (56-80) 8 TIA (2), no
Lutz10 2 nr nr nr
Allie11 34 68  9.6 nr nr
Payne12 8 64  10.8 7 TIA (3), am
Peterson13 3 nr nr nr
Basan14 1 71 1 Ocular isch
Nakahara15 1 75 0
Karathanos16 3 54, 62, 78 2 Stroke (1),
CCA, Common carotid artery; CEA, carotid endarterectomy; nr, not reporasymptomatic carotid bifurcation stenosis with indication Cor intervention, most authors recommend that proximal
esion should also be corrected. Proximal lesions were
ocated in CCA in 85 and in IA in 48 cases. All but three
atients were operated under general anesthesia. Reported
echnical success was 97%. There were four unsuccessful
ases. In one patient, angioplasty failure was due to inability
o dilate the proximal lesion satisfactorily, as a consequence
f heavy and unyielding calcification of the IA. The CEA
as completed despite the failure of proximal angioplasty
nd patient remained asymptomatic for 2 years on follow-
p. In two symptomatic patients, the IA could not be
rossed with the guidewire. The procedure was successfully
onverted to an aortocarotid bypass followed by CEA
uring the same procedure. In the fourth unsuccessful case,
CA dissection was treated successfully with an immediate
arotid-subclavian bypass and CEA. In the early years of
his method, simple balloon angioplasty was performed: in
0 out of the 129 successful operations no stent was
mplanted. In all but one of the most recent 11 studies,
tents were implanted in all patients. Seventy-nine patients
eceived a stent in total. Balloon expandable stents were
lways used. In the only recent study in which stenting was
erformed selectively, the policy of the group was to insert
stent in cases with poor technical result with residual
tenosis or heavy calcification.12 Some authors advocate
redilatation of the proximal lesion10,11; however, in most
ases primary stenting was performed (Table II).
Two 30-day strokes were reported, one of them fatal,
oth in the earlier series. Sullivan et al reported two patients
ho suffered stroke (fatal in one), because of occlusion of
nternal carotid artery (ICA) by thrombus, both related to
ifficult CEA. However, thrombus aggregating on the
tent during brief periods of stagnant flow may have been
he ultimate cause of these complications.7 Thirty-daymor-
ality and stroke rate were 0.7% and 1.5%, respectively.
gioplasty and stenting of ipsilateral proximal CCA or
Symptoms (patients)
Proximal lesion location
Innominate artery CCA
0 2
osis fugax (9), TIA and amaurosis
nal embolus (3), stable stroke (5),
ic symptoms (3)
24 20
0 5
bling stroke (1), amaurosis fugax (1) 1 7
ia (2) 1 5
al cerebral symptoms (6) 6 10
2 0
11 23
sis fugax (3), nondisabling stroke (1) 2 6
1 2
syndrome (1) 0 1
— 0 1
(1) 0 3e an
maur
, reti
spher
ndisa
hem
nfoc
auro
emic
TIAombined 30-day mortality and stroke rate was 1.5%.
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August 2011536 Sfyroeras et alPatients were followed up for a mean time of 12 to 36
months. During follow-up, five patients presented symp-
toms of cerebral ischemia and 17 died. Ten patients devel-
oped restenosis of the proximal lesion, (four symptomatic)
and two restenoses of the endarterectomy (all asymptom-
atic). Of the 79 patients treated with stenting, three devel-
oped restenosis (3.7%); in two it was severe and a repeat
dilation and stenting was needed. Of the 50 patients that
received simple balloon angioplasty, 7 developed restenosis
(14%) during follow-up; 2 were treated with angioplasty
(and stent in 1), 2 with IA restenosis underwent aorto-
cervical grafting and a patient with left CCA restenosis was
treated by subclavian to carotid bypass graft.
DISCUSSION
Tandem lesions of the innominate or common carotid
artery origins and the carotid bifurcation are increasingly
diagnosed because of the greater availability of high-
resolution noninvasive imaging like computed tomography
(CT) and magnetic resonance (MR). These tandem lesions
have been traditionally treated with surgical reconstruc-
tions and simultaneous or staged CEA. The mortality rates
of these procedures range from 0.5% to 2.2% for the extra-
anatomical bypass and 6% to 18.7% for the transternal
surgical approach.17-20
Antegrade crossing of tight aortic arch ostial lesions
from femoral or brachial approach for balloon angioplasty
and stenting may have significant risk of periprocedural
embolic events, especially in patients with types II and III
aortic arches. In these patients, extensive catheter manipu-
lations are often required to engage aortic branches. Even
though distal protection devices appear to be safe and
effective in carotid bifurcation stenting, the tortuosity of
the supra-aortic vessels, the potential for friable atheroscle-
rotic debris and calcification, and the current designs of
neuroprotection devices all preclude the use of distal pro-
tection and transfemoral dilation/stenting of these tandem
lesions.11 The hybrid approach of carotid endarterectomy
and retrograde stenting combines the safety of traditional
Table II. Details of operative techniques
Author
Angioplasty/
stenting Sequence Shunt
Sidhu6 2/0 CEA/angioplasty No
Levien2 43/0 CEA/angioplasty Selectively
Sullivan7 0/5 nr nr
Macierewitz8 0/8 Stenting/CEA Yes
Arko9 0/6 Stenting/CEA Yes
Greko3 0/14 Stenting/CEA Yes
Lutz10 0/2 Stenting/CEA nr
Allie11 0/33 Stenting/CEA Selectively
Payne12 5/3 Stenting/CEA Yes
Peterson13 0/3 Stenting/CEA nr
Basan14 0/1 CEA/stenting nr
Nakahara15 0/1 nr nr
Karathanos16 0/3 CEA/stenting Selectively
CEA, Carotid endarterectomy; nr, not reported.CEA with the minimally invasive treatment of the proximal sesion. Surgical exposure of the carotid bifurcation and
lamping of the ICA allows safe retrograde manipulation of
he guidewire, introduction of the sheath and balloon
ngioplasty, and stenting. The procedure is performed with
very low periprocedural incidence of stroke and death.
his low procedural risk presumably reflects the fact that
he ICA is clamped during the angioplasty procedure,
hereby preventing cerebral embolization.
Multiple reports have described the feasibility and
afety of the hybrid approach to tandem disease of the arch
essels and carotid bifurcation with good perioperative
esults. In addition, several authors documented the long-
erm patency and efficacy of this procedure. However, most
f them are small single institution series. There are no
tudies published, which provide a comprehensive descrip-
ion of available clinical data, including morbidity and
ortality on this disease pattern and procedure. In this
eta-analysis of all studies, reporting on the hybrid ap-
roach for tandem lesions of the arch vessels and carotid
ifurcation, it is obvious that the procedure is safe, with
0-day periprocedural mortality, and stroke rate of 0.7%
nd 1.5%, respectively. Long-term efficacy and patency is
lso satisfactory with a low incidence of cerebral ischemia
nd proximal restenosis in patients who received a stent.
Technical variations to procedure. The technical
onsiderations of the hybrid procedure are particularly crit-
cal to prevent emboli from both lesions. There are techni-
al variations of the procedure, mainly regarding the se-
uence of the different steps. Some authors have
eported that retrograde angioplasty and stenting is per-
ormed first, extensive flushing, and then CEA2,3,8,9,11-13
Fig 1). In this case, after CCA clamping, the sheath is
laced below the planned CEA arteriotomy site and not
hrough the arteriotomy to avoid injury to the vessel and
ack bleeding.11 A circular 5-0 or 6-0 Prolene adventitial
urse string suture, with or without a small pledget, can be
laced at the intended sheath site for closure.11 Securing
he sheath with the Rumel tourniquet prevents sheath
lippage.11,14 Using a 23-cm-long sheath and extending it
way from the operative site allows manipulation of the
uidewire without hindrance from the image intensifier. A
.035-inch soft-tipped, steerable guidewire is preferred to
ross the proximal lesion; hydrophilic wires are to be
voided, as they may be more likely to cause a dissection.11
redilatation of the lesion is advocated by some au-
hors10,11; however, in most cases, primary stenting was
erformed. Care should be taken not to over-dilate the
essel, as these heavily calcified vessels may be prone to
issection or rupture.11 Before CEA is performed, it is
mportant to first flush the CCA to remove all debris and
hrombus.11 This sequence was performed in seven reports,
ncluding 77 patients.3,8-13
Alternatively CEA can be performed initially. A few
entimeters prior to completion of the suture line of the
atch and while the ICA is still clamped, the sheath is
ntroduced and angioplasty and stenting of the proximal
esion is performed. When angioplasty is completed, the
heath is removed allowing flushing out of the pooled
i
f
5
patch
istal
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gation with heparinized saline is carried out distally and
proximally. Patch closure is then completed (Fig 2). This
Fig 1. First technical variation of the procedure. A, The
the sheath is carried out at a point from which the arteri
guidewire. B, The common carotid artery is clamped
performed. The stent is usually positioned 1 to 2 mm into
internal and external carotid arteries are clamped, the shea
carotid clamp is temporarily released, allowing a blood fl
After insertion of the shunt, carotid endarterectomy and
through the proximal stented area and perfusion of the dapproach offers the advantage of minimizing CCA clamp- (ng time after stent implantation that may induce thrombus
ormation.14,15 It was performed in four reports, including
0 patients.2,6,14,16 It is recommended that clopidogrel
cture of the common carotid artery and introduction of
y will begin. Proximal carotid lesion is crossed with the
angioplasty and stenting of common carotid artery is
ortic arch.C, Following stenting of the proximal lesion,
emoved, the arteriotomy is performed, and the common
ensure elimination of plaque debris and thrombus. D,
are completed (E). The shunt allows continuous flow
internal carotid artery.pun
otom
and
the a
th is r
ush to75 mg) and aspirin (81 mg/d) should be administered for
p
i
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pretreated, an increased dose of clopidogrel (450 mg)
immediately before the procedure can be delivered.14 Al-
though clopidogrel is associated with increased incidence
of intraoperative bleeding during CEA, this was not exces-
sive.14 The role of clopidogrel in preventing stent throm-
Fig 2. Second variation of the procedure. A, Carotid
centimeters prior to completion of the suture line of the patc
sheath is introduced and (C) angioplasty and stentingof the
the sheath is removed allowing flushing out of the pooled
with heparinized saline is carried out distally and proximallybosis in the periprocedure period is unknown. eA shunt is usually used to ensure cerebral perfusion and
revent stent thrombosis.11 In cases in which proximal stent-
ng is performed first, the shunt is inserted after the proximal
ntervention because if inserted earlier it would significantly
ncrease the procedural complexity and would not be protec-
ive from embolic debris during dilation/stenting.11 How-
cation endarterectomy is initially performed. B, A few
while the internal carotid artery (ICA) is still clamped, the
mal lesion is performed.D,When angioplasty is completed,
and debris via the open arteriotomy. Adequate irrigation
atch closure is then completed.bifur
h and
proxi
bloodver, the use of shunt is controversial. A shunt may theoreti-
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debris that could form on the angioplasty site during the time
of CEA, if stenting is performed first.14 In four reports,
including 38 patients, a shunt was used during CEA. In all
these patients, angioplasty and stenting was performed
first.3,8,9,12 In three reports, including 81 patients, shunt was
selectively used; however, in two of these, there are no data
regarding the number of patients shunted.2,11 It is not re-
ported if a shunt was used in the remainder.
In the first years of applicationof themethod, no stentwas
used and patients were treated with balloon dilatation. Later,
in all series stentswere implanted.Ostial lesions require precise
deployment and a stent with high radial force to avoid elastic
recoil. Premounted balloon expandable stainless steel stents
are preferred over nitinol stents. Stent should be placed 1 to 2
mm into the aorta to assure coverage of the lesion.11,16,21
However, in cases with proximal CCA lesions in the base of
the neck, where there can be significant movement, the use of
self-expandable nitinol stents should also be considered. It
seems that outcomes are better in patients who have routine
stenting compared with simple balloon angioplasty. The two
cases of procedural stroke were both recorded in patients who
underwent simple balloon dilatation.7 An alternative endovas-
cular treatment for patients with tandem carotid artery steno-
ses could be ante- and retrograde angioplasty and stenting
under cerebral filter protection, allowed by an open minimal
cervical access.22
Absolute rates of recurrent stenosis (50%) in patients
undergoing CEA are reported between 6% and 14%. Accom-
panying neurologic events are reported in only 1% to 5% of
these patients. There is consensus regarding the need for
treatment for symptomatic restenosis. Regarding asymptom-
atic carotid restenosis, careful surveillance has been proposed
based on the low incidence of symptoms and the fact that
reoperation carries an increased risk of perioperative neuro-
logic events and cranial nerve palsies. A more aggressive ap-
proach toward asymptomatic restenosis is also suggested, with
intervention on high-grade (80%) asymptomatic lesions.23
Ten cases of proximal restenosis were recorded during follow-
up, four of them symptomatic and two cases of CEA resteno-
sis, all asymptomatic. Patients with stent had lower incidence
of recurrent stenosis. Inmost cases, restenosiswas treatedwith
repeat angioplasty and stenting. The only patient who under-
went repeat balloon dilation without stent had an early reste-
nosis (12 months) of the IA because of incomplete dilation
during the initial procedure. Repeat dilation via the transbra-
chial route was performed, and the patient remainedwell with
the IA widely patent after 5 years of follow-up. In the first
years, bypass grafts were also performed for restenosis. How-
ever, Levien et al also demonstrated that this particular subset
of patients with advanced vascular disease has a limited life
expectancy and therefore the demand for long-term patency
rates appeared to be less stringent.2
CONCLUSIONS
This meta-analysis reports the largest collection of pa-
tients having undergone hybrid treatment of tandem dis-
ease of the arch vessels and carotid bifurcation. Results fromhis study show that the combined 30-day stroke and death
ate with this approach is 1.5%. Long-term results are also
atisfactory. Primary balloon expandable stent treatment of
roximal disease should be performed if possible to reduce
he likelihood of restenosis.
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